We take advantage of good atmospheric transparency and the availability of high quality instrumentation in the 1 µm near-infrared atmospheric window to present a grid of F, G, K, and M spectral standards observed at high spectral resolution (R ≈25,000). In addition to a spectral atlas, we present a catalog of atomic line absorption features in the 0.95 − 1.11 µm range. The catalog includes a wide range of line excitation potentials, from 0-13 eV, arising from neutral and singly ionized species, most frequently those of Fe i and Ti i at low excitation, Cr i, Fe i, and Si i at moderate excitation, and C i, S i, and Si i having relatively high excitation. The spectra also include several prominent molecular bands from CN and FeH. For the atomic species, we analyze trends in the excitation potential, line depth, and equivalent width across the grid of spectroscopic standards to -2 -identify temperature and surface gravity diagnostics near 1 µm. We identify the line ratios that appear especially useful for spectral typing as those involving Ti i and C i or S i, which are temperature sensitive in opposite directions, and Sr ii, which is gravity sensitive at all spectral types. ASCII versions of all spectra are available in the online version of the journal.
Introduction
Since the advent of infrared arrays in the early 1990s, there have been many low resolution spectroscopic atlases published covering the J, H, or K bands. Previous efforts that included the full O-M spectral classes and I-V luminosity classes made use of moderate resolution Fourier transform spectroscopy techniques (e.g., Wallace et al. 2000; Meyer et al. 1998; Wallace & Hinkle 1997 ). An additional window of atmospheric transparency between these traditional near-infrared bands and the optical window, dubbed the Y band, was highlighted by Hillenbrand et al. (2002) . With existing observational capabilities on instruments at the IRTF, Keck, Las Campanas, and UKIRT telescopes, and with upcoming wide-field survey facilities such as Pan-STARRS and VISTA, the Y band is becoming an increasingly appreciated and scientifically important near-infrared bandpass. Several low resolution (R ≡ λ/∆λ ∼ 2000) spectral atlases for M, L, and T dwarfs have been published including Y band data, e.g. Leggett et al. (1996) , McLean et al. (2003) , and Cushing et al. (2005) . However, a high-resolution spectroscopic atlas covering earlier spectral types and the full range of luminosity classes has not yet appeared.
To complement existing moderate resolution catalogs in the J, H, and K bands, we present here a high-resolution infrared spectral atlas for the Y band. Our data cover the 0.94 − 1.12 µm region sampled by NIRSPEC (McLean et al. 1998 ) at the W. M. Keck Observatory. We obtained spectra of 20 MK-classified stars ranging in spectral type from F through M and in luminosity class from I-V for use as spectroscopic standards in future work. The data were processed as briefly described in Section 2. We present a representative grid of spectroscopic standards, a table of identified absorption features, and the resulting atlas of spectral lines in Section 3. In Section 4, we present relevant atomic data and illustrate as well as discuss line sensitivity to stellar effective temperature and surface gravity.
Spectra were generally taken in nodded pairs using an ABBA pattern, with the astronomical target offset by 5 ′′ in each AB pair. Exposure times ranged from 1 to 720 s, integrated in the case of each spectral standard to acquire signal-to-noise ratios ≈ 100 in the reduced one-dimensional spectra. Data reduction, including wavelength calibration and spatial rectification, extraction of one-dimensional spectra from the images, and removal of telluric emission and absorption features, is discussed in Edwards et al. (2006) and Fischer et al. (2008) . We used a modified version of an IRAF script "reduceit" provided by Marianne 
The Spectral Atlas

Illustration
From our 20 spectroscopic standards we identified a grid representing each of the four spectral classes (F, G, K, M) and three luminosity classes (I-I-I, III, IV-V; hereafter supergiants, giants, dwarfs). The star used to typify each class is indicated in Table 1 and was chosen based on having a good signal-to-noise ratio and relatively low rotational velocity (v sin(i) 20 km s −1 ).
3 Figures 1a-1l show the grid of representative spectroscopic stan-dards displayed from shorter to longer wavelengths for orders 80 through 69. Each spectrum is normalized to the local continuum and shifted to line rest velocity. Orders 81 and 68 at the edges of our wavelength coverage are excluded due to the low signal-to-noise ratio and the relatively high telluric contamination towards the edges of the Y band window. As can be seen, the 1 µm spectral region is rich in spectral features. The absorption lines originate from both atomic and molecular species.
Line Identification
In order to generate a complete list of the atomic and molecular lines seen in the grid of spectroscopic standards, we began with a candidate list of transitions from the Infrared Atlas of the Arcturus Spectrum (Hinkle et al. 1995) . Arcturus is a K2 III star and so its associated line list should be relevant for the majority of the cool stars in our sample, with some supplementing needed as described below-especially for the hotter stars. Of the 786 lines in our final candidate line list, 209 were added beyond those present in the Arcturus Atlas list. Because the Arcturus Atlas does not contain the complete details of each atomic transition (only line frequency and species), the candidate line list was cross-referenced with the Atomic Line Database (Kurucz et al. 1995) in order to obtain excitation potentials and log gf values, as well as the Atomic Line List (van Hoof 2009), to obtain the transition terms. The Kurucz line list was developed from theoretical computations and it is far more extensive in line transitions (over 16,000 within our wavelength range) than necessary given the moderate spectral resolution and signal-to-noise ratio typical of our (and most) empirical astrophysical data. Thus great care was taken to properly match the atomic data to the lines identified in the Arcturus Atlas. Each line in the Arcturus Atlas was matched by species, ionization, and wavelength within ± 10 −5 µm to lines in the Kurucz Atomic Line Database (in vacuum wavelengths). In some cases this resulted in multiple potential matches between the lists among lines of the same species but having different ionization states. Taking ionization into account generally resolved the situation but ambiguities often remained for lines such as the numerous Cr i, Fe i, and Ti i transitions. In such cases we chose to associate-at least initially-the Arcturus Atlas line with the Kurucz line possessing the largest log gf among those with a realistic (<10 eV) lower excitation potential.
After the excitation potential, log gf , and transition term details of the atomic lines were added from the various sources to the candidate line list, the spectra were visually inspected. We observed that some lines identified in the Arcturus Atlas did not correspond to any observed spectral features. Lines that were not present at 1% of the continuum level were flagged appropriately (as having strength 0 on the scale of 0-3 described below), as were any multiply matched to those in the Kurucz list but decided not to be the correct identification. These lines are ignored in our further analysis but remain in the candidate line list for reference.
Visual inspection of the spectra relative to the line list also identified strong absorption features seen in the spectra but not present in the assembled atomic line list. For later type stars (and especially prominent in the supergiants) such features were mostly identifiable as molecular lines based again on comparison to the Arcturus Atlas. We do not list these individually herein, but we found that nearly all unidentified strong lines in the later type stars appear to be molecular. For the earlier type F stars, additional atomic lines were identified using the Kurucz line list, now allowing for higher excitation potentials. In the case that there were multiple possible lines within the spectral resolution of the data (0.4Å) the line with lowest ground state energy level was chosen. If this line was a species that had not been previously identified in the spectra, then other line candidates near the observed line center were considered.
After the initial matching using the Arcturus Atlas (Hinkle) and Atomic Line Database (Kurucz) , all lines that were part of the same multiplet were identified using the on-line Atomic Line List (van Hoof). Any lines in multiplets of those already identified based on the above exercises and within the spectral range of the data were added to the line list if not already present, and are flagged as so in the final catalog. As above, we considered only the expected range of log gf and excitation potential values when initially assigning new candidate lines based on multiplets. We then also considered the relative line strengths among the multiplets. Specifically, for optically thin (weak) lines in local thermodynamic equilibrium, the expected line intensity ratio
∆E/kT where the symbols have their usual meanings. For stronger lines the line broadening factors should be taken into account but we have ignored this aspect for ease of analysis. In the case of multiplets (lines arising from the same lower level) the above expression simplifies because of the very small energy differences, to
3 which is what we use as a check on the line identifications. If during the multiplet analysis the case arose that an already-identified line could also be part of a multiplet from a different line species, we chose the multiplet identification over the alternative species unless both could be justified via multiplets or previous identification, in which case an additional flag for line blending was added.
We note that the line wavelengths as well as their other data as given among the Arcturus Atlas (Hinkle), the CfA Atomic Line Database (Kurucz) and the on-line Atomic Line List (van Hoof) were not always identical within quoted errors. Further, there are lines appearing in some of the above sources that are not available in the others. We believe sensible choices for line identifications have been made, and we have indicated remaining uncertainties in the tabulation. We also note that in some cases we have been unable to discern the transition term from the existing sources of atomic data. The 1 µm region is a relatively unscrutinized wavelength regime in stellar astrophysics and we are offering some of the first data that can help refine the available atomic line lists and parameters.
Finally, all lines in the catalog were assigned a numerical grade based on their relative strength in the spectroscopic standard grid. The grades range from zero to three, where the zero corresponds to lines that are not seen in any of the spectroscopic standards and are left in the catalog only for completeness, while the three is assigned to the deepest 2-10 lines per order (often deeper than 70% of the continuum level across multiple spectral types and luminosity classes). Throughout this paper, we consider a one to be a weak line (shallower than 90% of the continuum), while a two (deeper than 90% of continuum) or a three (up to 50% of continuum) is a strong line. Lines that were blended (at greater than the 50% level), or lines that were only seen in the F standards were also noted in the catalog. We note that for late-type and especially low-gravity stars, some expected atomic lines can be easily lost amidst strong molecular absorption features, generally CN lines which can exceed 80% depth in some orders. The number of lines in each strength classification, and the fractions that are molecular, blended, or only seen in the F standards are indicated in Table 3 .
The strongest (deepest) atomic and ionic lines, those given grades two and three above, plus their related atomic data are presented in Table 4 . The log gf values among this strong line set range from −4.5 and up for Fe i and Tii lines, to -2.5 and up for Cr i lines, to −1.5 and up for Si i lines, etc. We show in Figure 2 the lower excitation potential as a function of wavelength and of log gf for these strong lines. The general trends in Figure 2 are as expected from atomic physics considerations. In Figure 3 , we show a histogram of the number of atomic lines in 1 eV bins of the lower excitation levels, for both the entire line catalog and for just the strong lines (those presented in Table 4 and Figure 2 ). This figure is discussed in more detail below. The table and figures include only the 0.95-1.11 µm spectral region, where our final spectra are most uniform in signal-to-noise ratio across the standards grid.
Analysis
The strong atomic lines identified above as well as the molecular lines are illustrated in Figures 4a-5b using the extremes of our spectral type grid (F and M, giants and dwarfs) for comparison. Orders 79 and 71 appear to cover particularly useful spectral ranges for discriminating between hotter and cooler stars (see Section 4.2) based on the trade off in strong features as a function of spectral type.
Summarizing, notably present in the 1µm spectral region are numerous low and moderate excitation lines of neutral Ca i, Cr i, Fe i, K i, Mg i, Na i, Ni i, Si i, and Ti i along with singly ionized Sr ii. Lines of higher excitation potential like H i (and He i, though not within the effective temperature range sampled here), C i, N i, P i, and S i and singly ionized lines of Al ii, Ca ii, Fe ii, and Mg ii are also pervasive in the spectroscopic standards. Based on visual examination of the spectral grid, many of these lines are temperature sensitive and a few, such as Sr ii (1.003940, 1.033010, 1.091790 µm), are gravity sensitive. Such trends among the atomic lines are discussed more quantitatively below.
The spectra also feature many molecular lines, including (for all G-K-M types) a very prominent CN 0-0 transition molecular series with band heads near 1.093 µm (R 2 ) and 1.097 µm (R 1 ) according to McKellar (1988) ; these occur in the red part of order 70 and the series covers much of order 69. At the later spectral types (M stars), the FeH molecule has a prominent 0-0 band head (the "Wing-Ford" band which is apparent longward of 0.9896 µm) and Q-branch (at 1.0061 µm).
At even later spectral types, for which we do not have data, the Y band contains TiO bands which appear at 0.942 and 0.950 µm, FeH appearing at 1.025 and 1.064 µm (Leggett et al. 1996) , and VO appearing at 0.971 and 1.064 µm through 1.08 µm (Leggett et al. 1996; Cushing et al. 2003 Cushing et al. , 2005 . There is also H 2 O toward the short-and long-wavelength edges of the Y band atmospheric window. Late M and L dwarfs also feature very prominent atomic K i, Na i, and Ca i features in the Y band (Leggett et al. 1996; Lyubchik et al. 2004) that are only weakly (grade one on our system) or not present (grade zero) yet in the latest types among our spectra.
Trends in Excitation Potential
We examine in Figure 3 the distribution of energy levels for the suite of atomic spectral features identified in the Y band (complete candidate line list as well as the strong lines of Table 4 ). The number of lines as a function of lower excitation potential is peaked at approximately 5 eV. The distribution declines more rapidly on the high excitation potential side of the peak than the lower, largely due to the presence of many strong moderate excitation Si i and Fe i transitions throughout the F, G, K, M spectral range. Heavier metals and higher ionization states generally contribute to the high excitation potential tail, while a large number of Ti i and some Cr i lines contribute to the lower excitation potential tail. Notable exceptions to this general trend include several C i lines at ∼ 7 − 10 eV, and a few H i lines in the upper excitation potential range. As expected, many of these high excitation potential lines are only seen (with strength values of 3 or 2 on our system) among the earlier type F stars within our spectroscopic grid.
In Figure 6 , we have plotted for the spectroscopic standards grid the average line profile for four different bins in excitation potential. The atomic lines were divided into bins such that roughly the same number of Y band lines are contained in each bin, but with an attempt to minimize the splitting of lines of the same species into multiple bins. This resulted in divisions at 2.4, 4.9, and 6.8 eV. Only strong, unblended lines were included. However, hydrogen lines as well as any lines within ±0.0005 µm of it were excluded since these particularly strong/broad lines dominate in the averaged profiles over nearby line features. There are 35 lines in the 0-2.4 eV bin, 41 lines in the 2.4-4.9 eV bin, 29 lines in the 4.9-6.8 eV bin, and 26 lines in the > 6.8 eV bin.
As expected, the hotter stars tend to have stronger lines with higher excitation potentials while cooler stars are dominated by low excitation potential lines. Supergiants also tend to have stronger lines overall relative to the dwarfs. Specifically, the F stars are dominated by the 6.8 eVand higher lines, the G stars are dominated by the 4.9-6.8 eV lines, and the M stars are dominated by the 0-2.4 eV lines. One would expect that the K stars would lie in sequence and be dominated by the 2.4-4.9 eV lines. Instead, we find that the line strengths are roughly constant from 0 to 6.8 eV and comparable to the 4.9-6.8 eV bin in the G standards. Although the K standards do fit within the overall excitation-potential-temperature trend, they do not match the observed pattern in detail in the expected way.
Diagnostic Lines for Spectral Classification
Among the strong lines there are some obvious temperature dependencies apparent in Figures 4a-5b. For example, in order 79, there are several strong C i lines that appear in the early spectral types and are not seen in the later types. In the same order there are also Ti i lines that complement this trend, appearing very strongly in the late spectral types, but only weakly, if at all, in the early spectral types. A similar trend can be seen in order 73 for Si i relative to Ti i, and in order 71 for both C i and Si i relative to Ti i.
We investigated through equivalent width analysis the behaviors with both effective temperature and surface gravity of the various strong lines in the 1 µm region. Several strong lines stand out over the others in Table 4 as potentially useful for analytic or diagnostic purposes, the strongest of which have line depths greater than 50% of the continuum level. Figure 7 plots the equivalent widths of several such lines versus the standard star effective temperature. In constructing this plot we were particularly sensitive to including those lines with temperature dependencies discernable for dwarf stars. As discussed above, lines of note include C i and S i multiplets, which show a strong temperature dependence, and several Ti i multiplets, which show a strong inverse temperature dependence. This behavior was also highlighted by Lyubchik et al. (2004) for the a5F-z5Go multiplet of Ti i in the 1.04-1.07 µm region, though we find many of these long wavelength lines of the multiplet blended with other strong lines. Ca i, Cr i, and Fe i have generally weaker (inverse) temperature dependence. Several neutral H i lines and higher excitation potential neutral metals such as C i, P i, and S i and the singly ionized metals Ca ii, Fe ii, and Mg ii appear only in the F standards and are therefore also good temperature indicators. The Si i lines peak in strength in the G-K spectral range and become weaker toward both F and M types, with some gravity sensitivity. In addition to their temperature dependence, the Ti i lines are also gravity sensitive at log T eff < 3.7 as are the C i and S i lines at log T eff > 3.7. Sr ii shows gravity dependence at all temperatures but little trend with temperature.
We have identified a few lines having line depth ratio that are useful indicators of spectral and luminosity class. These ratios versus standard star effective temperature are illustrated in Figure 8 . The Ti i (1.049900 µm) and Sr ii (1.033010 µm) lines, are the temperature and gravity sensitive lines, respectively, with the strongest trends apparent in Figure 7 . In this case, division of the temperature-sensitive line by the gravity-sensitive line spreads the spectroscopic standards such that dwarfs and then giants have increased line strength relative to supergiants at similar effective temperatures. The Ti i (1.049900 µm) and C i (1.068830 µm) lines are both temperature sensitive, but the temperature dependence of C i is opposite that of Ti i. This creates an amplified trend in line strength versus temperature relative to that of the single lines (as in Figure 7 ). We also investigated lines pairs that were closer together in wavelength and therefore suitable for temperature and gravity designation from single-order moderate to high dispersion spectra. Thus the Ca i (1.034670 µm) / Sr ii (1.033010 µm) ratio is also illustrated as sensitive to gravity and the Ti i (1.068000 µm) / C i (1.071030 µm) ratio as sensitive to temperature. Either of these line pair sets could be used in comparing the relative spectral typing of a set of previously unclassified stellar spectra, depending on the spectral dispersion Although not present in our effective temperature range, there is a high excitation (21 eV) He i line at 1.08333 µm in addition to the high excitation potential (12 eV) H i lines already noted here. These He i and H i lines are useful spectral type diagnostics for O, B, and A stars. Both lines are also particularly sensitive probes at all spectral types of energetic circumstellar processes such as chromospheric activity and wind processes (Edwards et al. 2006; Fischer et al. 2008) .
Summary
We have presented a spectral atlas for the Y band region of the near infrared portion of the electromagnetic spectrum. Our data set consists of a grid of MK-classified stars for use as spectroscopic standards spanning the F through M spectral classes and I-V luminosity classes observed at R≈25,000. The associated catalog of identified lines contains numerous spectral absorption features, both atomic and molecular in origin, that span a wide range of excitation potentials. Many of the atomic features show strong line depth and equivalent width trends across the spectral atlas. This atlas and the identified atomic spectral lines are potentially useful for two-dimensional spectral classification, especially line depth ratios involving Ti i and C i or S i, which are temperature sensitive in opposite directions, and Sr ii, which is gravity sensitive. ASCII versions of all spectra are available to download with the online version of the journal (an example of the form and content of these spectra can be found in Table 5 ).
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b Star was chosen to represent its temperature and luminosity class in the grid of spectroscopic standards.
c No effective temperature listed in Meyer et al. (1998) . This value is an interpolation. b Number of atomic and molecular lines in this strength class. The strength zero lines are either those from the Arcturus Atlas which we can not identify in our lower resolution spectra, or those added to the candidate line catalog based on the multiplet analysis but not present in our data c Number of atomic and molecular lines in this strength class that are only seen in the F class spectroscopic standards.
d Number of atomic and molecular lines in this strength class that are blended with others at least the 50% level. Note. -This subset of the lines in our assembled line list includes those lines seen among the standards grid that are rated at 3 or 2 in strength (i.e., absorption below 90% of the continuum level). Not tabulated are lines from our list rated 1 (weaker absorption than 90% of the continuum) or 0 (not present at our spectral resolution or a likely misidentification) in strength. Wavelengths are those in vacuum. In addition to the line strength, the "Strength" column also indicates which lines are blended at greater than the 50% level (marked with a B) and which lines that are only seen in the F spectroscopic standards (marked with an F). The "Comments" column indicates lines seen in the lower resolution R = 2000 Y band data of Cushing et al. (2005) (marked with an asterisk), lines identified as possibly present in the R = 250 data of Leggett et al. (1996) (marked with a dagger), or other information. Note. -In this table, we present a sample demonstrating the form and content of the spectra available for download with the online edition of the journal. Similar spectra are available in the online journal (spectra.tar.gz). Table 4 (bottom panel). The lines are divided into 1 eV bins according to the energy of the lower transition level. Most lines are in the 0 − 8 eV range, but there is a tail extending to higher excitation potential, up to 14 eV. While the strong lines are more uniformly distributed in the peak excitation potential range, they are still representative of the whole of the line list. Table 4 (vertical dotted lines with element names) identified relative to the supergiant spectroscopic standards HD 38232, an F5 ii (black line) and HD 37536, an M2 Iab (green line). Weaker atomic lines from our completed catalog are marked at the top (short black hashes) as are molecular lines (short red hashes) (A color version of this figure is available in the online journal.). Table 4 (vertical dotted lines with element names) identified relative to the dwarf spectroscopic standards HD 55052, an F5 V (black line) and HD 1326, an M2 V (green line). Weaker atomic lines from our completed catalog are marked at the top (short black hashes) as are molecular lines (short red hashes) (A color version of this figure is available in the online journal.). Fig. 6 .-Average profiles of strong lines in four different excitation potential ranges: 0-2.4 eV (red; containing 35 lines), 2.4-4.9 eV (green; containing 41 lines), 4.9-6.8 eV (blue; containing 29 lines), and > 6.8 eV (black; containing 26 lines). The three H lines are excluded from the calculation of the solid black profile but are shown separately for the F stars as the dotted black line (in the cooler standards the H profile is too heavily blended with neighboring features for the absorption profile to be informative). Only lines that are unblended and strong enough to be tabulated in Table 4 are included. A clear trend can be seen with hotter stars having stronger high-excitation lines compared to cooler stars having stronger low-excitation lines. Additionally, supergiants tend to have stronger lines then the dwarfs in the same spectral class. Fig. 7 .-Equivalent widths in angstroms of diagnostically useful lines vs. the effective temperature of the spectroscopic standards. Squares represent supergiants, triangles the giants, and crosses the dwarf standards. Lines connect the existing data and should not be misinterpreted as defining the detailed trend with temperature. Lines were chosen from Table 4 as those of strength three with significant temperature and/or gravity sensitivity within our spectral grid. Generally, only one line from among those in a multiplet set is shown; its behavior is typical of all lines in the multiplet. The three columns depict lines with higher excitation potential (left), lines with lower excitation potential (right), and lines sensitive to surface gravity (center). Within each column the panels are ordered from top to bottom alphabetically by line species and then by increasing wavelength. Fig. 8 .-Top panels: the ratio of line strengths for a temperature-sensitive and a gravitysensitive line, as a function of the stellar effective temperature. The left side shows Ti i (1.049900 µm) / Sr ii (1.033010 µm), the lines with the strongest temperature and gravity trends in our spectra, while the right side shows Ca i (1.034670 µm) / Sr ii (1.033010 µm) which are chosen due to their proximity in wavelength. Bottom panel: the ratio of line strengths for two temperature sensitive lines with opposite temperature dependence, Ti i (1.049900 µm) and C i (1.068830 µm) on the left side and Ti i (1.068000 µm) and C i (1.071030 µm) on the right side, as a function of stellar effective temperature. Squares represent supergiants, triangles the giants, and crosses the dwarf standards. Although strong dependences are evident, the illustrated lines connect the existing data only and should not be misinterpreted as defining the detailed trends with temperature.
